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(54) ROLL FOR CONTINUOUSLY CASTING METALUC STRIP 

(57)Abstract: 

PURPOSE: To stably and continuously produce a cast 
strip having good quality while securing slow cooling as 
the nature of a thermal-sprayed roll and preventing such 
surface defect on a cast slab as rolled-in waterial and 
linear recessed defect by forming the thermal-sprayed 
film of a heat resistant metal, etc., having a specific 
surface roughness on the surfaces of a nozzle and a 
slidingly moved cooling roll to the nozzle. 
CONSTITUTION: In the roll for continuously casting a 
metallic strip, the thermal- sprayed film of heat resistant 
metal, cermet or ceramic having >1\im surface 
roughness is forven on the surface of the cooling roll 1 
slidingly moving to the nozzle. By this constitution, a 
solidified shell 4a at the tip part of the nozzle is not 
stuck to the nozzle 2 and this solidified shell is shifted 
together with the cooling roll 1 as the strip 4. Therefore, 
the rolled-in waterial and a breakage are not developed. 
Further, since gas expanded and exhausted from blow 
hole in the thermal-sprayed layer is escaped through air 
layer between the strip 4 and the cooling roll 1, the linear recessed defect is not developed. 
Further, since the thermal-sprayed roll 1 is used, the solidified shell is slowly cooled and the 
interval defect is not developed, too. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translatioa 

1. This document has been translated by computer. So the translation may not reflect the original 
.precisely. 

2. **** shows the word which can not be translated. 
. 3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The roU for continuous casting of the metallic thin plate characterized by the surface roughness 
(arithmetical mean deviation of profile; Ra) making a heat-resistant metal 1 micrometers or more, a 
cermet, or the thermal-spraying coat of the ceramics form in said nozzle and the front face of a cooling 
roller on which it slides in the roll for continuous casting in which molten metal is suppUed on the surface 
of a cooling roller through a nozzle, and sheet metal is cast continuously contacting the nozzle made from 
fire-resistance to the peripheral face of a cooling roller. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[OOOll 

[Industrial Application] This invention relates to the cooling roller used when manufacturing the sheet 
metal (cast piece) of various metals, such as carbon steel, stainless steel, and a copper alloy, by the 
continuous casting process directly from molten metal (henceforth a "molten metal"). 
[0002] 

[Description of the Prior Art] Although there are some methods of manufacturing direct sheet metal by 
continuous casting from a molten metal, a molten metal is suppUed to one of them at a cooling roller, and 
there is a method of contacting the nozzle made from fire-resistance for forming a hearth to the 
peripheral face of a cooling roller. In addition, it not only forcing a nozzle on a cooling roUer, but 
separating a nozzle from a coolii^ roller to extent (0.3mm or less) from which a molten metal does not 
leak, and fixing includes the semantics of saying [ contacting a nozzle here ]. There are the three following 
approaches among these approaches with the location and number of cooling rollers. 
[0003] Drawing 3 is a method (single roll method) which the nozzle 2 made from fire -resistance is 
contacted to one rotating cooling roller 1, and supplies a molten metal 3 to a cooling roller 1 through this 
nozzle 2, forms a hearth, is made to soHdify a molten metal 3 on the front face of a cooUng roller 1, and 
manufactures sheet metal 4. 

[0004] Drawing 4 is level and a method (pouring on a congruence roll method) which the nozzle 2 made 
from fire-resistance which constituted the four way type from a wall in the up peripheral surface of the 
cooling roller 1 of the couple arranged to parallel is contacted, and suppUes a molten metal 3 to a cooling 
roller 1 through this nozzle 2, forms a hearth, is made to solidify a molten metal 3 on the front face of the 
cooling roller 1 on either side, is stuck by pressure, and manufactiures sheet metal 4. In this case, since 
there is no surface of hot water location of a molten metal 3 on a cooling roller 1, even if fluctuation of 
some surface-of-hot water locations arises, there is an advantage of being hard to generate fluctuation, 
******, and the surface check of board thickness. 

[0005] Drawing & is a method (congruence roll horizontal **** method) which the relative height locations 
of a revolving-shaft alignment differ, and the cooling roller 1 of the congruence roll bottom which axis of 
rotation is parallel and rotates to hard flow mutually, or both contact the nozzle 2 made from 
fire-resistance, supplies a molten metal 3 to a cooling roller 1 through this nozzle 2, forms a hearth, is 
made to solidify a molten metal 3 on the front face of the up and down cooling roller 1, is stuck by 
pressure, and manufactures sheet metal. 



[0006] Since a cooling roller contacts a hot molten metal in the case of the above-mentioned method, it 
consisted of a copper alloy which generally carried out water cooling of the interior like the mold vibrated 

^ by the vertical discoxmection currently used by the general continuous casting approach, and nickel etc. 
has been galvanized on the front face. When such a cooling roller is used, the shell which the cooling rate 

. (cooUng rate from a molten metal to a cooling roller) of coagulation shell was too large, and soUdified 
deforms according to a heat shrink difiference, and an air space is made between coagulation shell and a 
cooliag roller. For this reason, coagxilation shell thickness became uneven and the cavity (porosity) had 
occurred a crack and Laside the sheet metal front face. 

[0007] In order to reduce or aboUsh these defects and to raise the quaUty of sheet metal, the two following 
approaches are proposed. In order that one of them may be poured out on the congruence roll which 
arranges a side dam (fireproof plate) to the continuous casting process of sheet metal without the nozzle 
in contact with the peripheral face of a cooling roller, for example, the side face of a cooling roller, and 
forms a hearth in it, it may reduce a surface check and porosity in a method and may raise the quality of 
sheet metal, it is the approach (side dam method) of using the cooling roller which prepared the 
thermal-sprayii^ layer in the front face (for example, JP,5-23858,B). 

[0008] By this side dam approach, by the thermal-spraying layer, the cooling rate from a molten metal to 
a cooling roller is eased fearadual cooling, deformation by the heat shrink of the soUdified shell can be 
controlled, the ununiformity of coagulation shell thickness can be prevented, and generating of a surface 
check or porosity can be reduced or abolished. However, there is no convention of roll surface roughness 
and there was a problem by the method shown in drawing 4 to which the nozzle made firom fire resistance 
which constituted the four way type from a wall in the up peripheral surface of a cooling roller was 
contacted. Moreover, by this side dam approach, since a surface of hot- water location comes on a roll as 
compared with the method shown in drawing 4 to which the nozzle made from fire -resistance which 
constituted the four way type from a wall was contacted, coagulation time is changed by 
surface of- hot-water fluctuation, board thickness is changed, and there is also a problem of being easy to 
generate ****** and a surface check. 

[0009] Other one is the approach of improving the quality of sheet metal, in the sheet metal continuous 
casting process of a congruence roll method by preparing the irregularity of 10-200 micrometers in the 
front face of metal rolls, such as copper and steel, (for example, JP,62-254953,A). However, since garadual 
cooling of the sheet metal is not carried out since this approach has not performed thermal spraying, such 
as ceramics, on the sxirface of the cooliag roller, and it is restrained by irregularity, a small crack may 
arise around concavo-convex and the effectiveness like said side dam approach is not acquired. 
[0010] in addition, since it faces manufacturing a thin band still thinner than sheet metal and the 
endurance of a cooling roller is increased, ceramic thermal spraying is performed and the cooling roller 
which set that surface roughness to 0.1 micrometers or less is proposed - **** (JP,59-61551,A) - 
completely \mlike the manufacture approach that the manufacture approach by which this cooling roller 
is appUed tends to apply the cooling roller of this invention, the thickness of the cast piece which it is 
goiag to manufacture also completely differs. 
[0011] 

[Problem(s) to be Solved by the Invention] However, in order to raise the quality of sheet metal in the 
continuous casting process of sheet metal as shown in drawing 3 which suppUes a molten metal on the 
surface of a cooling roller through this nozzle - drawing 5 , when the cooling roller which prepared the 



thermal-sprayij^ layer in the front face was used contacting the nozzle made from fire -resistance to a 
cooling roller, the defect on the following front faces of a cast piece occurred, and it was not able to be used 
positively. 

[0012] first, the field-like defect (the following - "-- it bites and lump crack" is called) to which it seems 
, that the crack dragged on in the casting direction with **** of the sheet metal cross direction as the 
starting point on the sheet metal front face by the side of the cooling roller in contact with a nozzle occurs, 
this " biting - a lump crack - number mmof pieces - it is dozens of mm, die length of several mm, and 
magnitude with a depth of about 0.2- 1mm, and in the surface grinding of a cast piece, since it is 
imremovable, cutting clearance must be carried out. Therefore, the coil of predetermined die length was 
not obtained. Moreover, occasionally width of face attains to full [ of a cast piece ], and die length may also 
amoimt to 100mm or more, in such a case, a cast piece fractures during operation, and it becomes a 
shutdown. 

[0013] moreover, the line prolonged in the casting direction on the sheet metal front face by the side of the 
cooling roller in contact with a nozzle - a depression (a depth of 10- 30 micrometers, width of face of 
50-200 micrometers, die length of 20mm or more) occvirs. Furthermore, a sxu-face check (a depth of 
0.1-0.3mm) is also generated along this slot. For this reason, in order to remove these cracks, the cast 
piece front face needed to be deleted about 0. l-0.3mm, and the yield of a product was worsened. 
[0014] This invention aims at offering the thermal-spra3mig roll for continuous casting which can solve 
the above-mentioned conventional trouble at the time of using a thermal- spraying roll. 
[0015] 

[Means for Solving the Problem] When the sheet metal front face bit this invention persons and they 
considered the cause of generating of a lump crack variously by sohdification structure observation etc., 
they acquired the following knowledge. Although coagulation shell 4a formed by coohng from a cooling 
roller 1 in the nozzle triple point (part which a nozzle 2, a cooling roller 1, and a molten metal 3 touch) 
moves with a revolution of a cooling roller 1 continuously and becomes sheet metal 4 as shown in drawing 
1 A part of generated coagulation shell 4a (fixing shell 5) fixed for the nozzle 2, it grew up as it is (with a 
metal), and it became clear that this would bite and it would become a lump crack if it separates from a 
nozzle 2 and adheres to coagulation shell 4a at a certain time. 

[0016] In order to prevent the fixing shell generated at the head of such a nozzle, it is required for a 
cooling roller to always have coagulation shell to the downstream so that the coagulation shell generated 
iQ the triple point may not fix at the head of a nozzle. Therefore, this invention persons enlarge coefficient 
of friction between a cooling roller and coagulation shell, namely, considered making the front face of a 
cooling roller coarse. 

[0017] this invention persons - 'further ■ the line on the front face of sheet metal many things were 
examined also about the cause of generation of a depression. If much pores exist ia a thermal spraying 
layer, a cooling roller contacts a molten metal and temperature rises, the gas (mainly air) which existed in 
pore will expand, and it will be emitted from a thermal-spraying front face. Like before, since an air space 
does not exist between a cast piece and a cooling roller when the front face of a cooling roller is flat, it is 
surmised that it expands, and said emitted gas cannot escape outside, but appears in a molten metal side, 
and generates a linear depression defect. Therefore, if the front face of a cooling roller is made coarse and 
an air space is prepared between a cast piece and a cooling roller, the gas which expanded can escape to 
the exterior (atmospheric air) through an air space. 



[0018] In addition, in order that a nozzle and a cooling roller might contact and sUde conventionally, it 
was thought that the small thing of the granidarity of the front face of a cooling roller was desirable, and 
the surface roughness of a cooling roller was or le^ about Ra=0. l-0.5micrometer. 

[0019] AccompUshing the roll for continuous casting of the metallic thin plate of this invention based on 
. the above-mentioned knowledge, and contacting the nozzle made from fire -resistance to the peripheral 
. face of a cooling roller In the roll for continuous casting in which a molten metal is suppUed on the surface 
of a cooling roller through a nozzle, and sheet metal is cast continuously It is making into the summary 
for the s\irface roughness (arithmetical mean deviation of profile; Ra) to have made the heat-resistant 
metal 1 micrometers or more, the cermet, or the thermal- spraying coat of the ceramics form in said nozzle 
and the front face of a cooling roUer on which it sUdes. 

[0020] Here, arithmetical-mean-deviation-of-profile Ra is the value which broke by die-length L the area 
which turned up the granularity profile curve of measurement die-length L with the center line, and was 
surrounded by the roughness curve and center line (JIS B 0601). As the method of presentation of surface 
roughness, there is maximum height Rmax (spacing value between 2 straight lines when sampling in two 
straight lines parallel to the parallel lines of the part which sampled only criteria die-length L from the 
profile cxirve, and pinching a part). Although Ra and Rmax do not necessarily correspond to 1 to 1, it is 
eqviivalent to about 10 micrometers by Rmax Ra=lmicrometer. 
[0021] 

[Function] The roll for continuous casting of the metallic thin plate of this invention moves as sheet metal 
with a cooling roller, without the coagulation shell sohdified at the nozzle head fixing for a nozzle, since 
the surface roughness (arithmetical mean deviation of profile; Ra) is making the heat-resistant metal 1 
micrometers or more, the cermet, or the thermal-spraying coat of the ceramics form in a nozzle and the 
front face of a cooling roller on which it sHdes. Therefore, it bites, and a lump crack is not generated and 
fractured. Moreover, since the gas which expanded and was emitted from the pore of a thermal-spraying 
layer escapes through tJie air space between sheet metal and a cooling roller, it does not generate a linear 
depression defect, either. Furthermore, since the cooling roller which carried out thermal spraying is used, 
coagulation shell serves as garadual cooling, and there is no ununiformity of coagulation shell thickness 
and it does not generate internal defects, such as a surface check and porosity,, eitiier. thus -- if the roll for 
continuous casting of the metaUic thin plate of this invention is used - a front face - it is stabihzed and a 
good cast piece without an internal defect with sufficient description can be obtained. 
[0022] making it 1.0 micrometers or more by arithmetical-mean-deviation of profile Ra, as it is shown in 
drawing 2 , when this invention persons examine the sxurface roughness of the thermal-spra3dng coat in 
this invention by various surface roughness -- it is biting -- a lump crack ( drawing 2 (a)) and a line " it 
is based on the result of having traced a depression defect ( drawing 2 (b)) having been lost mostiy. in 
drawing 2 , it bit and the lump crack generatii^ characteristic was generated in per Im die length of 
sheet metal - biting the average of the lump crack number -- it is -- a line - a depression defective 
generating characteristic is the average of the number of the depression generated in per sheet metal 
width of face of Im. 

[0023] If the surface roughness of a cooling roller becomes coarse, since the frictional force of a nozzle and 
the shding part of a cooling roller becomes large, a nozzle can move or the shding surface of a nozzle can 
be deleted, it is not desirable on operation. For this reason, it examined by increasing the rigidity like the 
fixed part of a nozzle, making pressure to the cooling roller of a nozzle small, or enlarging spacing of a 



cooling roller and a nozzle a little, and solving a motion of a nozzle and the problem of a cut. 
[0024] Consequently, since the pressure to the cooling roller of a nozzle will become small too much, or 
spacing of a cooling roller and a nozzle will become large too much, the seal nature of the molten metal 
between a cooling roller and a nozzle will serve as imperfection and a molten metal wiU leakage -come to 
. be easy during operation even if it makes these improvements if it becomes lai^er than 
arithmetical-mean-deviation-of-profile Ra=10micrometer, it is not desirable, therefore - biting - a lump 
crack and a line - the surface roughness of a cooling roUer has desirable Ra=1.5-6.0micrometer as 
conditions which are stabilized and suppressed in generating of a depression defect, and do not have 
worries about the molten metal leakage from between a nozzle and a cooling roller. This value is 
equivalent to about 10-60 micrometers in Rmax described previously. 

[0025] Required predetermined surface roughness is made to the surface roughness of a therinal- spraying 
layer by the magnitude of the particle of a thermal spray material, the grinding after thermal-spraying 
construction conditions or thermal spraying, the existence of polish, the approach of polish, etc. moreover 
- as the ingredient of thermal spraying - Zr02, aliuninum 203, Cr 203, and Si02, BN and Si 304 etc. - 
the ceramics, WC-Co, and Zr02-nickel etc. - a cermet and nickel-Cr It constructs on the surface of a 
cooling roUer so that it may become thickness required for garadual cooling of the coagulation shell for 
which either an alloy, the heat-resistant metals of SUS316 grade or such mixture are used. These 
construction thickness and thermal- spraying approaches (plasma type, arc type, explosion type) are 
determined in accordance with the ingredient to be used. 

[0026] Moreover, in order to secure the bonding strength of the Rolls Royce reeve (base material) and a 
thermal-spraying layer, nickel or nickel alloy may be galvanized as a substrate (interlayer) on the surface 
of a sleeve, thermal-spraying constaruction may be carried out from it, and a thermal* spraying layer may 
be made to form. Moreover, when carrying out thermal spraying of the ceramics, it is nickel-Cr as a 
substrate further after plating. Thermal spraying of the alloy may be carried out and thermal spraying of 
the ceramics may be carried out from on the. 
[0027] 

[Example] Hereafter, it explains based on the operation resxdt which checks the effectiveness of this 
invention of having gone to accumulate. 

[Example l] The cooling roller of the congruence roll horizontal **** method which carried out 
thermal- spraying construction was prepared for the front face as shown in the following table. 
[0028] 
[A table 1] 
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[0029] Next, the congruence roll horizontal **** method performed the continuous casting trial of 
SUS304 stainless steel using the cooling roller of the above-mentioned table 1. The nozzle which supplies 
a molten metal is sliding with the lower cooling roller. The operating condition at this time was as in the 
following table 2. 
[0030] 
[A table 2] 
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[0031] Moreover, it is Zr02-8wt%Y203 similarly on the surface of a cooling roller as a comparative study. 
The continuous casting trial was performed on the conditions same with having described above using the 
cooling roller which carried out grinding so that a diamond wheel might be used and it might become 
120-micrbmeter thickness after carrying out 200 -micrometer thickness thermal- spraying construction, 
carried out buffing after that, and set surface roughness to Ra=0. ISmicrometer. 

[0032] consequently, the front face of the cast piece (l.5mm in width of-face [ of 250mm ] x thickness) 
obtained when tlie cooling roller of this invention which set surface roughness to Ra=3.4micrometer was 
used description was good, it bit and the lump crack and the crack of a crack or a depression were not 
able to be seen. Moreover, porosity was not able to be seen inside the cast piece, the case of the 
comparative study which, on the other hand, used the cooling roller which set surface roughness to 



Ra=^.18micrometer - the xmderside of a cast piece - biting - a lump crack - a large number (2 5 per Im 
die length of cast pieces) generatii^ - carrying out - further a line the slot occurred on the whole 
surface. For this reason, a product was not able to be built from this cast piece. 

[0033] [Example 2] By the same cooling roller and same operating condition as the above-mentioned 
example 1, it examined by changing the surface roughness of a cooling roller variously between 
Ra=0.13"7,9micrometers. the resxilt is shown in drawing 2 - as ■ biting - a lump crack and a line • in the 
case of beyond [ of a cooling roller ] surface roughness Ra=1.0micrometer, the depression defect was lost 
mostly, and was not generated at all in 1.5 micrometers or more. In addition, although the nozzle moved 
0.5-0.8mm during operation to the hand of cut of a cooling roller when surface roughness Ra exceeded 6 
micrometers, it did not result in the trouble (surface roughness Ra is 0.2mm or less at 6 micrometers or 
less). 
[0034] 

[Effect of the Invention] As explained above, biting it, the roll for continuous casting of the metallic thin 
plate of this invention securing garadual cooling of thermal-spraying roU original, and preventing the 
surface discontinuity of a cast piece called a lump crack and a linear depression defect, since the surface 
roughness (arithmetical mean deviation of profile; Ra) is making the heat-resistant metal 1 micrometers 
or more, the cermet, or the thermal-spraying coat of the ceramics form in a nozzle and the front face of a 
cooling roller on which it slides, it is stabilized and can manufacture the good cast piece of quality 
continuously. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fPrawing ll It bites and is guess drawing of the mechanism of lump crack generating. 

[Drawing 21 drawing in which (a*s) having bit with surface roughness Ra of a cooling roller, and having 

shown the relation of the generating situation of a lump crack, and (b) ■■ surface roughness Ra of a cooling 

roller, and a line - it is drawing having shown the relation of the generating situation of a depression 

crack. 

rPrawiag 3l It is the conceptual diagram of a single roll method. 
[Drawing 4l It pours on a congruence roll and is the conceptual diagram of a method. 
[Drawing 5l It is the conceptual diagram of a congruence roll horizontal **** method. 
[Description of Notations] 

1 Cooling Roller 

2 Nozzle 

3 Molten Metal 

4 Sheet Metal 



[Translation done.] 
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